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Abstract 
This paper presents insights into the application and combination of two forms of data collection in the context of 
snowsport participation.  The GPS Spi Elite and the HIT System were initially designed for use in field-based team 
sports. Using a case study approach this paper highlights the value of the two data sources for interpreting recorded 
head impacts and thus providing a more robust understanding of the characteristics of any impacts that may occur. 
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1. Introduction
It has been suggested that traumatic brain injury (TBI) in snowsports have been increasing in
frequency and that TBI is the leading cause of death and serious impairment in skiing and snowboarding 
[1, 2], yet debate continues about the effectiveness of current helmet designs in preventing snowsport 
injuries, particularly in incidents at speeds higher than 23 km/hr [3, 4].  This case study presents insights 
into the value of multiple data sources gained from diverse technologies for interpreting the frequency 
and severity of head impacts in snowsports. 
The broader research project from which a single case is drawn for this paper seeks to add to the 
understanding of the behaviours of paediatric snowsport participants and to characterise any head impacts 
through the application of the Head Impact Telemetry (HIT) System™ (Fig. 1a and c) and the GPSports 
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3. Method 
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For the case presented here, the GPS data was analysed to determine where and when the 72.8 g head 
‘impact’ occurred.  Figure 3 provides the trail for this person recorded by the GPS. By positioning the 
mouse over the trail, the speed and heart rate may be determined for any data point. By cross-referencing 
when the ‘impact’ occurred as per the HIT system (11:28:47), the location at the time of the impact may 
be determined.  In this case, it occurred at the point where the research assistant was sitting to set up 
participants for the day. 
 
 
Fig. 3. Example of GPS output with speed, heart rate and location 
Further analysis of the GPS data confirms that the speed prior to the impact had decreased, and in fact 
the GPS had stopped recording at the time of the ‘impact’ (Figure 3 and Figure 4).  This indicates that the 
person had moved inside. Thus through the use of the two devices, it may be concluded that the ‘impact’ 
was not an on-snow incident and potentially was the result of the helmet being dropped or thrown on to 
the ground or other hard surface while inside a building. Without this additional data from the GPSport 
Spi Elite, or the use of other data source such as continuous videoing of participants, the researchers 
would have to assume that this person experienced a head impact that was near the threshold for 
concussion as determined in previous research which may have had implications for that person’s 
ongoing participation that day or in the near future if was suspected they had a severe head impact. 
5. Discussion 
From a methodological perspective, the combined use of the GPSports SPI Elite and HIT system 
provides an invaluable additional contribution to the data collection and analysis. The combination of the 
two technologies provides quantitative data that, along with some matched qualitative information, 
enables the researchers to further explore a ‘day on the slopes’ of a skier or snowboarder and their 
possible falls and head impacts. In the case of helmets, these impacts may not only occur while engaged 
in actual skiing or snowboarding but may also happen in general off-slope activities. It is also important 
to have an overall picture of the everyday use by consumers of personal protective equipment beyond the 
obviously important single protective intention of the design. The personal protective equipment design 
needs to consider all aspects of use, and possibly misuse, both on and off the slopes. This integrated 
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systems approach can better inform, for example, the design of future helmets and recommendations for 
appropriate use and storage of equipment.  
This project is one element of an overall systems approach to aspects of snowsport resort participation 
where the interdisciplinary research team is interested in optimising both the safety and experiences of 
year round visitors to alpine resorts.  
 
Fig. 4. Example of GPS output: Speed versus heart rate  
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